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ABSTRACT 

Phosphorus is an essential substance in our body, and hypophosphataemia (HP) is well-described in rickets, 
refeeding syndrome, diabetic ketoacidosis (DKA), and in chronic alcohol-abuse. However, to our knowledge, 
HP among severely-malnourished children has not been studied in detail, and information on prevalence, 
severity, and treatment is scarce. Currently, there are only a few published case reports of HP. This case series 
describes three cases of HP that presented to Dhaka Hospital of the International Centre for Diarrhoeal Dis- 
ease Research, Bangladesh (icddr,b). Our first case required mechanical ventilation for respiratory distress 
associated with severe hypokalemia (K 1.1 mmol/L) and moderate hypophosphataemia (P 2.1 mg/dL). 
The second case presented with severe sepsis which was associated with symptomatic hypocalcaemia (Ca 
1.68 mmol/L), hypokalemia (K 1.82 mmol/L), and severe hypophosphataemia (P 0.9 mg/dL). The third 
case presented with pneumonia and sepsis which were complicated by hypokalemia (K 2.05 mmol/L) and 
severe hypophosphataemia (P 1.1 mg/dL). Marked lethargy and severe hypotonia were associated with HP 
in all of these cases. Manifestations of HP are diverse and can occur in association with other electrolyte 
imbalances, especially among malnourished children. Malnutrition, combined with sepsis, is one of the 
major killers of children younger than 5 years of age, and both malnutrition and sepsis can cause HP. It is 
concluded that the underlying causes of morbidity, including HP, should be actively sought and treated to 
reduce the mortality of children aged below five years. 
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INTRODUCTION 

During treatment for severely-malnourished chil- 
dren, the principles of management are to reduce 
mortality by treating hypoglycaemia, hypother- 
mia, infection, and water-electrolyte imbalance 
(1). Traditionally, electrolyte imbalances, such as 
hyper- or hyponatraemia, hyper- or hypokalemia, 
and hypocalcaemia, are rapidly diagnosed and 
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treated while hypophosphataemia (HP) has been 
given less prominence. The important interaction 
between HP and severe malnutrition among chil- 
dren in developing countries has received little at- 
tention, and there are only a few reports from Af- 
rica on HP (2-3). 

Phosphate is a major anion which is essential for 
maintenance of human body. It is one of the most 
important minerals in the formation of human 
bone, a component of adenosine tri-phosphate 
(ATP), a necessary substance for nucleic acid syn- 
thesis and an essential component of cell mem- 
branes and major intra-cellular structures (4). 
Various manifestations of HP have been described, 
such as arrhythmias, respiratory failure, seizures, 
delirium, haemolysis, leukocyte dysfunction, and 
rhabdomyolysis. Phosphate deficiency can occur 
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because of decreased intake, refeeding, transcellular 
shirts during treatments, such as for glucose infu- 
sion, excessive renal losses, and from multifacto- 
rial causes, such as sepsis, dialysis, and alcoholism 
(5-8). 

In this case series, a neglected field of malnutrition, 
namely hypophosphataemia, is reviewed and dis- 
cussed in relation to our clinical cases. 

CASE HISTORY 

Case I 

A 24-month old female infant, with weight 6.50 
kg, height 72.2 cm (weight-for-height z-score -3.26, 
weight-for-age z-score -4.62, length-for-age z-score 
-4.41) was admitted to icddr,b's, Dhaka Hospital. 
She had a history of watery diarrhoea and vomiting 
for seven days, fever for six days, severe lethargy for 
one day, and respiratory distress for two hours. On 
admission, physical examination revealed a body 
temperature of 37.0 °C, heart rate 148/min, respira- 
tion rate 48/min, and Sp0 2 71% (breathing room 
air). The patient was very lethargic, the eyes were 
sunken, the oral mucosa was dry, and skin turgor 
was reduced. Breathing sounds were normal, and 
there was no heart-murmur. Abdomen was soft 
and non-tender. Soon after admission, the patient 
developed profound hypotonia which was associ- 
ated with an absence of respiratory effort, requiring 
endotracheal intubation and mechanical ventila- 
tion. Laboratory tests revealed mild hyponatraemia 
(Na 125 mmol/L), mild hypocalcaemia (Ca 1.69 
mmol/L) , and severe hypokalemia (K 1 . 1 mmol/L) . 
A diagnosis of severe electrolyte imbalance with 
dehydration, severe acute malnutrition, and sepsis 
was made. Therapy was started with intravenous 
antibiotics, fluid therapy to correct hyponatraemia, 
hypocalcaemia, and hypokalemia, and mechani- 
cal ventilation. On the 3 rd day of admission, so- 
dium levels recovered to 137.3 mmol/L but potas- 
sium and calcium remained low (K 1.73 mmol/L, 
Ca 1.69 mmol/L), and serum phosphate measure- 
ment revealed moderate hypophosphataemia (P 
2.1 mg/dL). On the 4 th day, the plasma potassium 
had risen to 2.79 mmol/L, spontaneous respiration 
had commenced, and weaning from the mechani- 
cal ventilator and extubation was possible. A brief 
spell of post-extubation stridor due to laryngeal 
oedema was treated with intravenous dexametha- 
sone and nebulized adrenaline. The plasma electro- 
lytes normalized over the following 7 days, and the 
patient was discharged on the 20 th day with the fol- 
lowing blood test results: Na 137.2 mmol/L, K 4.41 
mmol/L, Ca 2.71 mmol/L, P 3.8 mg/dL. 



Case 2 

A 12-month old male infant, with weight 4.8 
kg, height 68.9 cm (weight-for-height z-score 
-6.21, weight-for-age z-score -5.61, length-for-age 
z-score -2.88) was admitted to icddr,b's, Dhaka 
Hospital. He had a history of watery stool for 
five days and high-grade intermittent fever with 
cough for four days. On admission, physical ex- 
amination revealed a temperature of 38.7 °C, 
heart rate 120/min with normal rhythm, and 
respiration rate 48/min. In addition, the patient 
was lethargic, hypotonic, and severely dehydrat- 
ed. On auscultation of the chest, coarse crackles 
were found in both lungs, and the heart sounds 
were normal. The abdomen was soft and non- 
tender. On admission, biochemical data showed 
Na 139.1 mmol/L, K 1.82 mmol/L, and P 2.4 mg/ 
dL. The chest x-ray showed bilateral hilar con- 
solidation. Based on the physical examination 
and laboratory data, the initial diagnosis was 
pneumonia complicated by sepsis, severe malnu- 
trition, hypokalaemia, and hypophosphataemia. 
Initial treatment was given with intravenous an- 
tibiotics and fluid therapy. In addition, zinc, folic 
acid, multivitamin, potassium and magnesium 
supplements were given according to icddr,b's 
standardized management protocol for severely- 
malnourished children. On the second day, te- 
tanic spasm was developed as secondary compli- 
cation due to hypocalcaemia (Ca 1.68 mmol/L). 
Repeated biochemical results showed continued 
hypophosphataemia (P 0.9 mg/dL) while so- 
dium and potassium levels were almost normal 
(Na 133.8 mmol/L, K 3.80 mmol/L). The tetanic 
spasm was treated with intravenous calcium glu- 
conate and vitamin D. By the 6 th day, the patient 
recovered from fever and was discharged on the 
9 th day with normal plasma electrolyte levels (Na 
136.8 mmol/L, K 4.30 mmol/L, Ca 2.35 mmol/L, 
P 5.2 mg/dL). 

Case 3 

A 9-month old female infant, with weight 5.6 kg, 
length 65.9 cm (weight-for-length z-score -3.04, 
weight-for-age z-score -3.29, length-for-age z- 
score -1.89) presented in icddr,b's Dhaka Hospital. 
She had a history of soft stool and cough for five 
days, fever for three days, vomiting for one day, 
and respiratory distress for 10 hours. On admis- 
sion, physical examination revealed a tempera- 
ture of 36.6 °C, heart rate 118/min, respiration 
rate 60/min, and blood pressure 60/40 mmHg. 
In addition, the patient was very lethargic, there 
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was lower chest wall-indrawing and some dehy- 
dration. On auscultation, coarse crackles were 
found in the right lung, and the heart sounds 
were normal. The abdomen was soft, non-ten- 
der, and bowel sounds were present. Chest x-ray 
showed patchy shadowing in the right lung field, 
and plasma electrolyte tests revealed hypokalae- 
mia (K 2.05 mmol/L) and hypophosphataemia (P 
2.5 mg/dL). Based on the physical findings and 
laboratory results, an initial diagnosis of severe 
pneumonia complicated by severe malnutrition, 
sepsis, hypokalaemia, and hypophosphataemia 
was made. Initial treatment was given with in- 
travenous antibiotics and fluid therapy, with 
additional management given according to the 
icddr,b's standardized management protocol for 
severely-malnourished children. On the second 
day, plasma electrolyte analysis revealed a rise in 
potassium (K 2.87 mmol/L) but a drop in phos- 
phate (P 1.1 mg/dL) levels. By the 7 th day of ad- 
mission, the patient became afebrile, clinically 
much improved, and the plasma electrolytes 
were almost corrected (Na 138.3 mmol/L, K 2.93 
mmol/L, Ca 2.0 mmol/L, and P 2.8 mg/dL). Un- 
fortunately, the family members removed the pa- 
tient from the hospital against medical advice at 
this point. 

DISCUSSION 

Phosphorus concentration in childhood 

Phosphorus requirement in childhood is greater 
than in adults due to the demands of physical 
growth. Therefore, plasma phosphorus concentra- 
tion (Table 1) varies with age (4). Defining severe 
hypophosphataemia is difficult but, typically, levels 
less than 1 or 1.5 mg/dL can be classified as severe, 
since clinical manifestations may be encountered 
at this level. The second and the third cases are clas- 
sified as severe HP according to this criterion. 



Table 1. Normal serum phosphorus range 


during 


childhood 


Age 


Normal phosphorus range 


0-5 days 


4.8-8.2 mg/dL 


1-3 years 


3.8-6.5 mg/dL 


4-1 1 years 


3.7-5.6 mg/dL 


12-15 years 


2.9-5.4 mg/dL 


16-19 years 


2.7-4.7 mg/dL 



Pathophysiology and clinical manifestations 
of hypophosphataemia 



Phosphorus is an important component of body 
tissues and is vital for the normal functioning of 
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blood cells, muscles, and nerves. Hypophospha- 
taemia (HP) results in decreased intracellular ATP 
and 2,3-diphosphoglyceric acid (2,3-DPG). Acute 
HP has been described as causing a variety of symp- 
toms, such as cardiac dysfunction (cardiomyopa- 
thy, arrhythmias), respiratory failure, neurologic 
complications (delirium, seizures, encephalopathy, 
peripheral neuropathy), and haematologic compli- 
cations (impaired oxygen release, haemolysis, leu- 
kocyte dysfunction). 

A reduction in available ATP for respiratory muscle 
contraction has been suggested as a mechanism for 
acute respiratory failure. With a reduction in red 
blood cell 2,3-DPG, the affinity of the red cells for 
oxygen increases, the cells being less able to release 
oxygen to the tissues. The red cells become rigid 
and, therefore, more susceptible to lysis. Severe de- 
pletion of ATP levels in white blood cells impairs 
pseudopod and vacuole formation, thus limiting 
extravascular migration and phagocytic function. 
Cardiac dysfunction is thought to be occurred be- 
cause HP leads to depleted ATPase levels and then 
depressed myocardial sarcomere contractility, or to 
acute myocardial damage itself. The pathophysiol- 
ogy of neurological dysfunction is not certain but it 
has been suggested that the physiological effects of 
HP, such as increased oxyhaemoglobin affinity and 
haemolytic anaemia, could lead to tissue hypoxia 
to altered tissue function (9). 

Our first case as described above was particularly 
severe as mechanical ventilation was required to 
treat the respiratory failure that was associated 
with the severe hypokalaemia and moderate HP 
(Phosphate 2.1 mg/dL). Both second and the third 
cases presented with severe sepsis, hypokalaemia 
and severe HP (Case 2: P 0.9 mg/dL, Case 3: P 1.1 
mg/dL). All the cases manifested obvious lethargy 
and hypotonia. It is very difficult to distinguish 
how much HP contributed to these symptoms be- 
cause hypokalaemia and sepsis are also known to 
cause lethargy and hypotonia. It is possible that 
the extreme presentation of these children was 
due to a combination of the factors described. It 
is, therefore, important to remember that HP can 
be seen in addition to the other electrolyte imbal- 
ances among malnourished children in the acute 
phase, and the combination can lead to signifi- 
cant morbidity. 

Management 

None of these cases of HP was treated using phos- 
phate supplementation but improved with milk- 
feeding and vitamin D supplementation alone. 
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Similarly, Marvin et al. described in their case series 
of adult patients who had developed HP within 
seven days of starting parenteral nutrition that 
75% of cases had recovered within 10 days with- 
out phosphorus supplementation (10). However, 
Schwartz et al. described that patients with sepsis 
and low serum phosphate levels were at a greater 
risk of developing cardiac arrhythmias; they recom- 
mended that phosphate supplementation be given 
in the early stages of sepsis as a preventative meas- 
ure (11). Currently, it is widely recommended that 
treatment commence when a patient's phosphate 
level is less than 1 mg/dL or symptoms of HP, such 
as rhabdomyolysis, tremour, paresthaesia, ataxia, 
seizures, delirium, or coma, are present. Initial dos- 
es are 0.08-0.16 mmol/kg (5 mg/kg) over 6 hours 
by intravenous infusion and are repeated depend- 
ing on the severity of the phosphate deficit, and 
stopped once the phosphate levels are greater than 
1.5 mg/dL, any symptoms have subsided, or severe 
side-effects are reported. Side-effects of intravenous 
phosphate repletion are hypocalcaemia, metastatic 
calcification, hyperkalemia (which is associated 
with potassium-containing supplements), volume 
excess, metabolic acidosis, and hyperphosphatae- 
mia (4). 

Conclusions 

Phosphorus is an essential substance, and HP is 
well-described in rickets, refeeding syndrome, 
DKA, and chronic alcohol-abuse. However, acute 
HP among severely-malnourished children has 
not received much attention, and related informa- 
tion, such as prevalence, severity, and treatment, is 
scarce. HP manifestations are diverse and the clini- 
cal picture is complicated by the presence of other 
electrolyte imbalance and micronutrient deficien- 
cies. Malnutrition combined with sepsis is one of 
the major causes of mortality in children below five 
years of age, and both malnutrition and sepsis can 
cause HP To reduce the mortality of children aged 
less than five years, we need to search actively for 
the underlying causes of their morbidity such as HP 
and should be treated. Finally we suggest further 
study on HP among malnourished children. 

ACKNOWLEDGEMENTS 

This study was funded by icddr,b and University of 
Tsukuba, Japan. icddr,b acknowledges with grati- 



tude the commitment of the University of Tsukuba 
to its research efforts. It also gratefully acknowledg- 
es the following donors which provide unrestricted 
support: Australian Agency for International Devel- 
opment (AusAID), Government of the People's Re- 
public of Bangladesh, Canadian International De- 
velopment Agency (CIDA), Swedish International 
Development Cooperation Agency (Sida), and the 
Department for International Development, UK 
(DFID). 

REFERENCES 

1. World Health Organization. Management of severe 
malnutrition: a manual for physicians and other 
senior health workers. Geneva: World Health Organi- 
zation, 1999:7-19. 

2. Manary MJ, Hart CA, Whyte MP. Severe hypophos- 
phatemia in children with kwashiorkor is associated 
with increased mortality. JPediatr 1998;133:789-91. 

3. Freiman I, Pettifor JM, Moodley GM. Serum phos- 
phorus in protein energy malnutrition. / Pediatr Gas- 
troenterol Nutr 1982;1:547-50. 

4. Greenbaum LA. Phosphorus. In: Kliegman RM, Behr- 
man RE, Jenson HB, Stanton BF, editors. Nelson text- 
book of pediatrics. 18th ed. Philadelphia, PA: Saun- 
ders, 2007:287-91. 

5. Gaasbeek A, Meinders AE. Hypophosphatemia: 
an update on its etiology and treatment. Am J Med 
2005;118:1094-101. 

6. Hearing SD. Refeeding syndrome. BMJ 2004;328:908- 
9. 

7. de Menezes FS, Leite HP, Fernandez J, Benzecry SG, 
de Carvalho WB. Hypophosphatemia in critically ill 
children. Rev Hosp Clin Fac Med SaoPaulo 2004;59:306- 
11. 

8. Weisinger JR, Bellorin-Font E. Magnesium and phos- 
phorus. Lancet 1998;352:391-6. 

9. Boineau FG, Lewy JE. Nutritional hypophosphatemia 
in children. In: Alon U, Chan JCM, editors. Phosphate 
in pediatric health and disease. Ann Arbor, MI: CRC 
Press, 1993:145-58. 

10. Marvin V, May C, Livingstone C, Davis J. Incidence of 
hypophosphatemia in patients on parenteral nutri- 
tion. Hosp Pharm 2007;14:166-9. 

11. Schwartz A, Gurman GM, Cohen G, Gilutz H, Brill 
S, Schily M et al. Association between hypophos- 
phatemia and cardiac arrhythmias in the early stages 
of sepsis. Eur J Intern Med 2002;13:434-8. 



494 



JHPN 



